Abstract. The fungal polysaccharides have been revealed to exhibit a variety of biological activities, including antitumor, immune-stimulation and antioxidation activities. In the present study, the immune and anticancer activities of a novel polysaccharide, BSF-A, isolated from Boletus speciosus Frost was investigated. The inhibitory rate of S180 tumors in mice treated with 40 mg/kg BSF-A reached 62.449%, which was the highest rate from the three doses administered; this may be comparable to mannatide. The antitumor activity of BSF-A is commonly considered to be a consequence of the stimulation of the cell-mediated immune response, as it may significantly promote the macrophage cells in the dose range of 100-400 µg/ ml in vitro. The levels of the cytokines, IL-6, IL-1β and TNF-α, and nitric oxide, induced by BSF-A treatment at varying concentrations in the macrophage cells were similar to the levels in the cells treated with lipopolysaccharide. There was weak expression of the TNF-α, IL-6, IL-1β and inducible nitric oxide synthase mRNA in the untreated macrophages, but this increased significantly in a dose-dependent manner in the BSF-A-treated cells. BSF-A also had a time-and dose-dependent effect on the growth inhibition of the Hep-2 cells, with the concentration of 400 µg/ml having the highest inhibitory rate. A quantitative PCR array analysis of the gene expression profiles indicated that BSF-A had anticancer activities that affected cell apoptosis in the Hep-2 cells. The results obtained in the present study indicated that the purified polysaccharide of Boletus speciosus Frost is a potential source of natural anticancer substances.
Introduction
Mushrooms are a valuable part of obtaining balanced nutrition, and a number of them contain healthy micronutrients, including vitamins and mineral nutrients. Fungal polysaccharides are a type of active organic compound formed by long carbohydrate molecules of repeating units joined together by glycosidic bonds. These polysaccharides are located in the fruiting bodies, mycelium and fermentation broth of large edible and medicinal fungi (1) (2) . Fungal polysacchardies are often linear, but may also be highly branched, and have been reported to exhibit a variety of biological activities, including antitumor, immune-stimulation and antioxidation activties (2) (3) (4) (5) (6) (7) (8) . The beneficial effects of a number of fungi, including Agaricus subrufescens (9, 10) , Ganoderma lucidum (11) and Ophiocordyceps sinensis (12) , have been known since ancient times and have been used in traditional Chinese medicine. The lentinan derived from the shiitake mushroom is a source of clinical drugs used in cancer treatments in certain countries, such as Japan (13, 14) . Polysaccharide-K (Krestin) from Trametes versicolor is also an approved adjuvant for cancer therapy in Europe and Japan (15) .
Boletus speciosus Frost is a type of fungi that grows in Xiaojin, Sichuan in China at an elevation of 3,400 m. In our previous study, a novel water-soluble polysaccharide was purified from the fruiting bodies of Boletus speciosus Frost using column chromatography, and its chemical structures were elucidated by various spectroscopic methods (16) . The present study aimed to investigate the pharmacological activities and molecular mechanisms of BSF-A, the novel polysaccharide isolated from Boletus speciosus Frost.
Materials and methods
Isolation of the polysaccharide. The fruiting bodies of Boletus speciosus Frost were collected in Xiaojing, Sichuan, China, and authenticated by Professor Zhirong Yang (College of Life Sciences, Sichuan University, Chengdu, China). The novel water-soluble polysaccharide, BSF-A, was extracted with 95% ethyl alcohol and purified using a diethylaminoethanol cellulose column and Sephadex G-100 column chromatography (Sigma Aldrich, St. Louis, MO, USA). The Sevag method (17) was used for the Pharmacological evaluation for anticancer and immune activities of a novel polysaccharide isolated from Boletus speciosus Frost deproteination of crude BSF polysaccharide, and the eluate from the column chromatography was monitored by the phenol-sulfuric acid method (18) . The yield rate of the purified Boletus speciosus Frost polysaccharide, named BSF-A, was 0.215% (0.430 g), and the structural features of BSF-A were studied using total hydrolysis, methylation analysis, gas chromatography-mass spectrometry, scanning electron microscopy, infrared spectroscopy, nuclear magnetic resonance spectroscopy and dynamical analysis of the atomic force microscopy. The results indicated that BSF-A had a backbone of (1→4) -α-L-mannopyranose residues that branched at O-6, based on the experimental results. The branches were mainly composed of one residue which was →1)-α-D-galactopyranose (Fig. 1) .
Microparticle preparation. Microparticles containing purified BSF-A were prepared by the interracial polymerization method under orthogonal design experimental conditions. Briefly, BSF-A was emulsified with 5% acacia solution (Scharr and Company, Chicago, IL, USA). Following this step, interracial polymerization occurred by adding toluene-2,4-diisocyanate (TDI) and ethylene alcohol (EA; Sigma Aldrich) into the solution in a thermostat-controlled water bath. Finally, the particles were stored at 0˚C (19) . The encapsulation efficiency was determined by a previously described method (20, 21) . The microcapsules were washed three times with double distilled water, ground by mixing with diatomite and then extracted by the Soxhlet extraction method to obtain the encapsulated BSF-A. The percentage of encapsulation efficiency was calculated using the following equation: Encapsulation efficiency (%) = (E / E 0 ) x 100, where E is the amount of encapsulated BSF-A and E 0 is the initial amount of BSF-A.
Animal preparation. In total, 30 male Kunming mice, weighing 25.0±1.0 g, were purchased from the Institute of Biochemistry and Molecular Immunology of North Sichuan Medical College (NSMC; Nanchong, Sichuan, China). S180 tumor cells were maintained in the peritoneal cavities of the mice. A total of six male Kunming mice were housed per plastic cage, with wood chip bedding and a 12-h light/12-h dark cycle at room temperature (25±2˚C). The mice were allowed free access to standard laboratory diet, which was purchased from NSMC. The study was approved by the Ethics Committee of China West Normal University (Nanchong, Sichuan, China).
Assay for detecting antitumor activity in vivo. S180 tumor cells (3x10 6 ) were implanted subcutaneously into the right hind groins of the 30 mice and they were randomly divided into five groups. At one day post-inoculation, the polysaccharide BSF-A was dissolved in distilled water and administered intra-peritoneally (i.p.) to the mice at doses of 10, 20, and 40 mg/kg. Positive and negative controls were set for comparison. In total, 0.2 ml mannatide (10 mg/kg) was administered i.p. for the positive control, while 0.2 ml physiological saline served as the negative control. The body weights were measured, and the tumors, spleens and livers were excised from the mice at sacrifice after 2 weeks. The tumor inhibitory ratio was calculated by following the Histopathological and morphological observations. Following treatment of the mice with BSF-A as described, a portion of the tissues were cut into small sections, fixed in Heidenhain's Suea Fulid (4.5 g HgCl 2 ; 0.5 g NaCl; 80.0 ml distilled water; 20.0 ml formalin; 4.0 ml acetic acid; and 2.0 ml trichloroaceticacid) and stained with HE. The sections were examined and images under a microscope (Olympus, Tokyo, Japan) were captured.
Preparation of peritoneal macrophage cells. Six to eight-week-old BALB/c albino mice were injected i.p. with 1 ml 3% thioglycollate (Sigma Aldrich). Four days after injection, the mice were euthanized and peritoneal exudate cells were collected by lavage with 5 ml sterile cold D-Hank's solution. The exudate cells were collected and cultured in 60-mm dishes with RPMI-1640 (Gibco, Carlsbad, CA, USA) containing 10% heat-inactivated fetal bovine serum(FBS), penicillin (100 IU/ ml) and streptomycin (100 µg/ml) (RPMI-FBS). Following 1 h of incubation at 37˚C, the cultures were washed twice with RPMI-1640 to remove non-adherent cells, and the adherent cells were collected by gentle scraping. The viability of the macrophages was assessed using trypan blue exclusion.
Pharmacological evaluation for macrophage stimulation. The macrophage cells (1x10 6 cells/ml) were cultured in a 96-well plate (Corning, Inc., Corning, NY, USA) with phenol red-free RPMI-FBS medium containing increasing concentrations of BSF-A from 50 to 400 µg/ml (20 µl per well) as the experimental group and cells cultured with 20 µl lipopolysaccharide Nitric oxide concentration determination. The amount of stable nitrite and 100 µL culture supernatants were mixed with an equal volume of Griess reagent (1% sulfanilamide, 0.1% naphthylethylenediamine dihydrochloride and 2.5% H 3 PO 4 ). This mixture was incubated at room temperature for 10 min and the absorbance at 540 nm was read using a Thermo multiskan ascent reader (Thermo Fisher Scientific, Waltham, MA, USA). The nitric oxide concentration was determined by extrapolation based on a standard sodium nitrite curve (22) .
Cytokine determination. The amount of TNF-α, IL-6 and IL-1β from the culture supernatants was determined using an ELISA kit (R&D Systems, Shanghai, China) following the manufacturer's instructions.
qPCR detection of related gene expression. The peritoneal macrophages were harvested following stimulation by various concentrations of BSF-A for 4 h. Total cellular RNA was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and reverse transcribed into cDNA using oligo(dT) 18 primers (Invitrogen). Amplification of each target cDNA was performed using the icycler system (Bio-rad, Hercules, CA, USA), and the PCR products were quantified using SYBR Green I. β-actin was used as an endogenous control to normalize expression levels among samples, and a standard curve of each primer set was generated using LPS-induced macrophage cDNA. The PCR primers selected are shown in Table I . Relative expression abundance was calculated using the formula: Relative expression abundance = moles of detected mRNA / moles of β-actin mRNA.
Cell culture. Human laryngeal carcinoma Hep-2 and hepatoma HepG2 cell lines were grown in RPMI-1640 medium supplemented with 10% heat-inactivated fetal bovine serum, 100 IU/ml penicillin, 100 µg/ml streptomycin and 10 mM 2-[4-(2-hydroxyethyl)-1-piperazinyl] ethanesulfonic acid (HEPES) at pH 7.4. The cells were kept at 37˚C in a humidified 5% CO 2 incubator.
Testing the effect of BSF-A on human laryngeal carcinoma Hep-2 and hepatoma HepG2 cell activity by the MTT method.
The two cell lines were seeded into 96-well microculture plates at appropriate densities to maintain the cells in an exponential phase of growth throughout the duration of the experiment. The human laryngeal carcinoma Hep-2 and hepatoma HepG2 cells were exposed to BSF-A at 0, 25, 50, 100, 200 and 400 µg/ml for 24 h, and each concentration was evaluated in six separate wells. At the end of the exposure, 20 µl MTT was added to each well and the plates were incubated for 2-4 h at 37˚C. Next, 150 µl dimethyl sulfoxide was added to each well and the agitated for 5 min. The OD was read using a plate reader (Biorad) at a wavelength of 490 nm. Media-alone wells and control wells, in which BSF-A was absent, were included in all the experiments. The degree of inhibition of cell proliferation was calculated using the following formula: Growth inhibition (%) = (OD control -OD treated) / OD control x 100.
Morphological observation of cells. The 96-well microculture plates into which the human laryngeal carcinoma Hep-2 and hepatoma HepG2 cells had been seeded were observed by inverted microscopy (Olympus). Images of the changes in the conformation of the cells were captured and recorded.
PCR design. This study used the apoptosis PCR array from CT Bioscience (Changzhou, Jiangsu, China) to compare the expression profiles of a selected group of genes at various disease stages. The PCR array employs SYBR Green I-based qPCR to quantify gene expression levels. Gene specific primers were pre-deposited into the wells of a 96-well PCR plate in the array. Each PCR array quantified the mRNA levels of 88 selected target genes and six reference genes. The reference genes were used to normalize the target gene expression levels. In addition, each PCR array had one PCR positive control and one genomic DNA control for quality control purposes. The PCR positive control contained artificial templates and PCR primer pairs that specifically amplified this template. This was designed to monitor the PCR step. The genomic DNA control measured the residual genomic DNA potentially present in the RNA samples.
Primer design and selection. Primers were designed to cover all transcripts of a gene. Primer design also took the following into consideration: All primers had a similar melting temperature (Tm); the primers did not contain known single nucleotide polymorphisms; the primers were not located in genomic repetitive regions; and in the majority of cases, the primers differed from non-target sequences by three or more bases, as revealed by a Blast search. The primers were experimentally selected if they met the following criteria: The amplification presented a typical amplication curve, and a post-PCR melting curve analysis demonstrated a single peak.
Sample analysis. Hep-2 cell group total RNA (1 µg) was used for reverse transcription using a RT kit (Cat no. CTB101, CT Bioscience) in a 20-µl volume. Following reverse transcription, RT products were diluted using ddH 2 O to 1,000 µl. The diluted RT products were mixed with 1 ml 2X SYBR Green MasterMix (Cat no. CTB103, CT Bioscience), and 20 µl of the mixture was aliquoted into each well of the 96-well PCR array. The sealed PCR plate was loaded onto an ABI 7500 (Applied Biosystems, Grand Island, NY, USA) instrument. The cycling conditions were as follows: 95˚C for 5 min to activate hotstart Taq, then 95˚C for 15 sec, 60˚C for 1 min and 72 ˚C for 45 sec for 40 cycles. The melting curve analysis was performed using 95˚C for 5 sec and 65˚C for 1 min.
Data analysis. This study used the classical ∆∆ Ct method to perform relative quantification.
∆∆ Ct = (Ct of target sample -Ct of reference sample) -(Ct of target control -Ct of reference control).
∆∆ Ct was used to calculate the expression fold change. The formula used was as follows: Expression fold changes = target gene expression level of experiment sample / target gene expression level of control sample = 2^( -∆∆ Ct). The data are expressed as the mean ± SD. The significance of the differences were evaluated with a one-way ANOVA, followed by the Student's t-test to statistically identify differences between the control and treated groups. P<0.05 and P<0.01 were used to indicate statistically significant differences.
Results and discussion

Antitumor activity of BSF-A in vivo.
Microencapsulation was undertaken since the water solubility of the polysaccharide was poor. Attention was focused on preserving the biological activity of BSF-A. Microencapsulation of BSF-A was perfomed by interracial polymerization (23) using poly-TDI-EA (Fig. 2) . This procedure avoids the shear stress produced by sonication that would normally effect the integrity of the drugs and consequently, their biological activity (24) . (25) . In order to detect the antitumor activity of BSF-A in vivo, the mice transplanted with S180 cells were used to evaluate its effects. The results are summarized in Table II . The weight and histological preparations of the vital organs in each male rat in the control group were compared with that in the treated group in order to measure the effect of the drug. BSF-A was able to inhibit the growth of the tumors (P<0.01) in a dose-dependent manner. The inhibitory rate in the mice treated with 40 mg/kg BSF-A was 62.449% and was the highest amongst the three doses administered. Furthermore, during the course of the experiments, the appetite, activity and coat luster of each animal in the BSF-A groups were improved compared with the mice treated with mannatide. Compared with the vigorous growth of the normal saline group (Fig. 3) , massive necrotic areas were present in the tumor tissue, which was divided into small tumor cell groups within the BSFA-treated group. As the concentration of the BSF-A polysaccharide increased, the tumor cell groups were encapsulated in muscular tissue and the growth of the tumor cells was inhibited. The results also revealed little change in the average liver weight of the test groups, which indicated that BSF-A did not cause serious liver damage. On the 14th day, the average tumor weight of the negative control mice was 3.707 g, whereas the average tumor weight of the mice in the 40-mg/kg BSF-A group was 1.392 g. The weight was also significantly reduced to 2.051 g and 1.738 g following treatment with doses of 10 mg/kg and 20 mg/kg, respectively. It is noteworthy that the average weights of the spleens and thymus in the test groups were significantly increased following administration of 20 mg/kg BSF-A compared with the weights in the mannatide or negative control mice. This indicates that BSF-A is able to increase the weights of immune organs in moderate doses (Table II) and that activating the immune responses in the host may be one of the mechanisms for the antitumor activity of BSF-A and a number of other antitumor polysaccharides.
The antitumor activity of a polysaccharide is believed to be the result of the stimulation of the cell-mediated immune response
Immune activity of BSF-A in vitro.
The antitumor activity of a polysaccharide is believed to be the result of the stimulation of the cell-mediated immune response (25) . The present study revealed the immune activity of BSF-A using a macrophage stimulation assay. Polysaccharides are good stimulators of macrophages due to the presence of various receptors on the macrophage membrane. In the present study, BSF-A was able to significantly promote the phagocytosis of the mouse peritoneal macrophages within the dose range of 100-400 µg/ml compared with the control group (P<0.01; Fig. 4 ) and the best stimulatory capacity of BSF-A was at a dose of 400 µg/ml with an OD value of 0.36.
The stimulatory capacity of BSF-A on macrophage cells and the concentration of BSF-A were positively correlated.
BSF-A enhances cytokine production in peritoneal macrophage cells.
Using the ELISA method, the level of IL-6 and TNF-α secreted by the BSF-A-activated macrophages was compared with the control. The levels of the two cytokines secreted by the BSF-A-stimulated macrophages was much higher than that secreted by the medium-treated macrophages. LPS (50 µg/ml) was used as the positive control. The level of cytokines induced by BSF-A treatment at varying concentrations was similar to the level induced by LPS. It is notable that the production of IL-6 was stimulated at high levels when the concentration of BSF-A was only 50 µg/ml (Table III) .
BSF-A stimulates the expression of TNF-α, IL-6, IL-1β and inducible nitric oxide synthase (iNOS) mRNA.
The qPCR results showed a significant increase in the levels of TNF-α, IL-6, IL-1β and iNOS mRNA in the BSF-A-treated peritoneal macrophages compared with those that were untreated. The positive control, LPS 50 µg/ml, also promoted the expression of these genes. The expression of all the genes studied in the untreated macrophage was weak, but increased significantly in a dose-dependent manner in the BSF-A-treated cells (Table IV) .
The role of activated macrophages in the defense against tumor cells has been investigated extensively over the last few decades (26) (27) (28) . Accumulated evidence indicates that activated macrophages are able to recognize and lyse tumor cells, including those that are resistant to cytostatic drugs. Therefore, macrophage activation may play a role in novel immunotherapeutic approaches to the treatment of cancer (28) . Macrophages are able to kill tumor cells either by macrophage-mediated tumor cytotoxicity or antibody-dependent cellular cytotoxicity. These processes are likely to result in the same manner of release as the cytotoxic mediators, including TNF-α, NO and reactive oxygen intermediates, or phagocytosis (29) . TNF-α is one of the most significant mediators involved in tumor cell death by the induction of multiple intracellular pathways, 
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including the generation of reactive oxygen intermediates in the mitochondria preceding plasma membrane permeabilization (30) and the induction of iNOS expression. Ultimately, these processes may lead to cell death. BSF-A increases the secretion of the TNF-α of macrophages and the expression of TNF-α mRNA in vitro. The toxic effects of NO and its derivatives on target cells are due to several mechanisms (31) .
The results of the present study demonstrated that BSF-A was able to increase the release of NO and induce the expression of the iNOS gene to several folds higher in vitro. Taken together, these results indicate that it is reasonable to assume that the release of TNF-α and NO, which is activated by BSF-A, may be a significant mechanism of the antitumor effect of BSF-A in macrophages. However, further evidence is required. It is well known that IL-6 is also considered to be major immune and inflammatory mediator in cancer. The present study indicated that the macrophages were induced to enhance the secretion and expression of the IL-6 cytokines by BSF-A. These results indicate that these cytokines may be involved in the antitumor effect of BSF-A.
Antitumor activity of BSF-A in vitro.
The majority of laryngeal cancers, also called cancers of the larynx or laryngeal carcinomas, are squamous cell carcinomas. Their features reflect their origin from squamous cells prior to forming the majority of the laryngeal epithelium. Laryngeal cancer may spread to adjacent structures by direct extension, to regional cervical lymph nodes by metastasis or to further regions, such as the lung, through the blood stream (32) . As a robust cell line, Hep-2 is able to resist temperature, nutritional and environmental changes and maintain viability. Hep-2 has been broadly used for tumor production studies in rats, mice, hamsters, (34) . The present experiments demonstrated variability in the results due to the differences between these two types of cancer cells. As shown in Fig. 5 , the human laryngeal carcinoma Hep-2 cells treated with 25-600 µg/ml BSF-A for 24 h exhibited significant cell growth inhibition (P<0.01, n=6) compared with the control (untreated) cells when assayed using MTT. For comparison, human hepatoma HepG2 cells exhibited no significant change (P>0.01, n=6) when compared with the control (untreated) cells (Fig. 5 ). BSF-A had a time-and dose-dependent effect on Hep-2 and HepG2 cell growth inhibition, and a concentration of 400 µg/ml had the best rate of growth inhibition, which were 35.9 and 13.3%, respectively.
The 96-well plates were placed under an inverted microscope. A camera recorded the changes in cell morphology for 
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the varying concentration in order to measure the effect that BSF-A exhibited on the high anticancer activity. This could be observed from the cell morphology, which broke up and even fragmented in the Hep-2 group, while the HepG2 cells exhibited no significant changes compared with the control group (Fig. 6 ). Apoptosis is a genetically controlled mechanism for cell death that is also involved in the regulation of tissue homeostasis. There are two major pathways of apoptosis that may be observed in the cytoplasm. The extrinsic pathways include fas and other tumor necrosis factor receptor superfamily members and ligands, and the intrinsic pathways are mitochondria-associated. The mitogen-activated protein kinase (MAPK) cascade is a highly-conserved module involved in various cellular functions, including cell proliferation, migration and differentiation. qPCR array analysis of the gene expression profile of the Hep-2 cells indicated that the anticancer activities of BSF-A on these cells may involve the MAPK signaling pathway for cell apoptosis (Table V) . The complete signaling pathway for apoptosis of Hep-2 cells requires further study. The results obtained in the present study indicate that the purified polysaccharide of Boletus speciosus Frost may be a potential source of natural anticancer substances.
